Abstract. The article deals with the simulation of chip formation at different ratios between the rounded cutting edge and cutting thickness. Aim of the research has been focused on the interpretation of new knowledge from the cutting theory. Authors have tried to understand the theory of cutting process by means of simulation and provide the recommendations for practical usage. They explain the differences between the Merchant's model with a sharp edge and a model with a rounded cutting edge. The contribution also describes the changes and manifestations of physical phenomena result from it. Achieved results enable not only better integration of cutting tools into the manufacturing, but they also allow increase in the machining efficiency.
Introduction
Chip formation is a fundamental feature of all traditional machining processes, such as turning, milling, drilling, broaching, etc. Excessive cutting forces are generated during the chip formation process. Cutting forces determine the machine tool power requirements and bearing loads, and cause deflections of the workpiece, cutting tool, fixture, and even the machine tool structure. As a result, an understanding of what is happening during the metal removal process is necessary for the study of machining mechanics as well as for the tool design and the machine tool building.
The chip formation is affected by various factors, such as tool geometry, workpiece or tool material properties and cutting conditions. The most fundamental and commonly accepted assumptions for the analysis of the chip formation are:
 a cutting tool is perfectly sharp,  cutting velocity is constant,  a large ratio of cutting width to unreformed chip thickness exists to satisfy the plane-strain-condition requirement for the analysis,  the produced chip is continuous without built up edge and flows freely over the tool rake face. One more idealization is all that is needed in order to produce a useful model for studying the mechanics of chip formation. This is the view that the deformation process is the same at all locations along the tool edge. It can be said that the shear deformation at any location along the cutting edge is the same as at any other location. In this case there is no need to consider changes in deformation along the tool edge or along a third dimension -the chip formation model is two-dimensional. In some cases, this 2D model is easy to accept. The classic shear plane model of chip formation is often called the Merchant´s model after M. E. Merchant. [1, 2] 
Classical Approach to the Chip Formation
Metal cutting is the process of removing a layer of metal in the form of chips from a blank to give the desired shapes and dimensions with specified quality of surface finish. In metal cutting, the chip is formed by a shear process mainly confined to a narrow plastic deformation zone that extends from the cutting edge to the work surface. This narrow zone is referred to as the primary shear zone since the chip is basically formed in the zone. Besides, two other deformation zones exist during metal cutting: the secondary shear zone along the chip-tool interface due to the high normal stress on the tool rake face; the tertiary shear zone along the work-tool interface due to the high pressure at the tool tip. Removed layer h passes into the chip through shearing plane lying at angle of shear plane φ. The ratio of chip thickness hc and thickness of removed layer h will still be greater than 1 and it is known as compression of the chip K (K=h c /h). Similar model of chip formation is used also at the tools with rounded cutting edge, but there is the compression close to zero. [6] The first quantitative analysis of the cutting forces based on the upper bound theory was made by Merchant. It was assumed that the chip of the rigid perfectly plastic material is formed as a result of the intensive shearing along a thin shear plane, which forms an angle with the cutting tool moving direction. Merchant´s model, as the most famous approach of orthogonal cutting, is widely used in introductive courses on machining. This model considers an ideal sharp edge, but the real cutting edge is never perfectly sharp. Even the tool, which cutting edge is not purposely rounded (rectified), shows some radius. The shear angle predicted by the Merchant's model from the criterion of minimization of the cutting energy, does not generally agree with experimental data and numerical simulations. [7, 8] 
New Approaches to the Models of Chip Formation
Recent approaches to the chip formation think about rounded cutting edge. As it was said above, there are some singularities in comparison with the Merchant's model. Probably the major difference lies in origination of zone with tertiary deformation. The size of this zone depends on the value of rounded corner radius.
It is necessary to consider a special behaviour of the removed material layer at these models. Contrary to the Merchant´s model, at which the tool cuts whole material thickness h, the models with rounded cutting edge is characterized by following aspects: 1) Minimum thickness of removed layer h min (Figure 2 ) -if the thickness of removed layer is lower than h min , the chip will not originate, because the cutting wedge of the tool will deform this layer and press it into the workpiece. The minimum thickness of machined layer connects also with  the localization of so called Stagnation point "S" on the tool (Figure 2 ),  the thickness of the strengthened surface layer on the workpiece and  the size of subsurface stresses. 2) Deformed layer with the thickness of material h 1 . This layer cannot be pressed into the workpiece, but it is forced over the Stagnation point "S" and it gets into the chip. Together with the layer h min they have relative low vector of speed, so they can create braked layer that can be the cause of built-up edge. (Figure 2) 3) Layer with thickness h -it is the material that deforms mostly in the shear plane and goes out from the cutting place in the form of chip. 
Simulations of Chip Formation
Due to the confirmation of the phenomena mentioned above, the simulations were done in software Deform. The cutting and the boundary conditions of the research are summarized in Table 1 . Various proportions between the radius of cutting edge and thickness of removed layer (r n /h) were modelled during investigation. The simulations indicate the following aspects:
A. Origination of the thermal fields on the cutting tool. Actual cutting zone allows to define even four sources of heat generation:
 the heat generated by deformation in primary -shear plane,  the heat generated by secondary zone of deformation as a result of internal and external friction during deformation of removed layer and the heat generated due to friction between the outgoing chip and the front surface of the tool,  the heat generated by the chip compression  the heat generated by the friction between the machined surface and backplane of cutting tool, also the heat generated by tertiary zone as the result of deformation of minimum removed layer.
B. The layer of removed material and Stagnation point "S" originate during the machining. They are evident from Figure 3 , where the motion vectors of individual particles of the workpiece for ideal and rounded cutting edge are shown. C. The tertiary zone of deformation originates within the process of chip formation, as it is presented in Figure 4 . 
Summary
Theory of metal cutting with rounded cutting edge offers a great opportunity for the establishment of more precise descriptions of the cutting zone and a deeper explanation of the processes associated with phenomena related to the material removing in the form of chips. Theoretical knowledge base related to the formation of particles with perfectly sharp tools and tool with a curved cutting edge is the key solution to the problems connected not only with the chip formation, but also with surface quality achievement after manufacturing. [9] Realized simulations of the cutting zone with a rounded cutting edge point to the changes in  deformation zones at the place of cut,  temperature and force load of the cutting tool, which affects the tool life,  oscillation in the process and quality of the machined surface,  its properties as a subsurface tension or size of affected layer. The presented theoretical investigation does not provide a practical mean to determine an appropriate value of the junction shape angle. However, this work has an important outcome by illustrating where the Merchant's model appears to be weak in its theoretical foundation and how it could be improved.
